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0 HEAT-RESISTANT GLASS COMPOSITION AND PLASMA DISPLAY PANEL USING IT 

^Abstract: 

JOBLEM TO BE SOLVED: To provide a glass composition which has a strain point and expansion coefft. suitable 
• a glass substrate of a plasma display panel and which can be molten and formed by a floating method. 
)LUTION: This composition comprises, by wt.%, 50 to 54.9 Si02, 10.5 to 18 AI203, 1 to 6 Zr02, 0 to 3 B203, 0 

1 Li20, 0 to 10 Na20, 0 to 15 K20, 0 to 8 MgO, 4 to 8 CaO, 0 to 4 SrO, 3 to 12 BaO, 0 to 3 Ti02, 0 to 2 ZnO, 0 
1 S03+Sb203, >70.1 Si02+AI203+Zr02, 6 to 19 Li20+Na20+K20, and 10 to 19 MgO+CaO+SrO+BaO. The 
mposition has 75 to 95x10-7/°C average expansion coefficient from 50°C to 240°C, >650°C transition temp., < 
i00°C melting temp., <1,135°C devitrification temp, and the devitrification temp, is lower than the working temp. 
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IOTICES * 

pan— Pat ent^Of f ice-is-notlrespdns ibl~eL_f brZTany^ _ -- • _ . JIT " - r - -JL. - - "- 

nages caused by the use of this translation* 

Tiis document has been translated by computer. So the translation may not reflect the original precisely. 
*** shows the word which can not be translated, 
a the drawings, any words are not translated. 



AIMS 
aim(s)] 

aim 1] It displays by weight % and is the following presentation. Si02: 50-54.9aluminum2O3: 10.5-18ZrO2: 1-6B- 
3- 0-3Li2O: 0-lNa2O: 0-10K2O: 0-15MgO: more than 0-8CaO:4-8SrO:0-4BaO:3-12TiO2:0-3ZnO:0- 
33+Sb2O3:0-lSiO2+aluminum2O3+ZrO2:70.1Li2 0+NaaO+K20:6-19 MgO+CaO+SrO+BaO:10-19 - and The 
it-resisting-glass constituent whose transition point the average expansion coefficient of 50-350 degrees C is 75 - 
d 0-7/degree C, and is 650 degrees C or more. 

aim 2] The heat-resisting-glass constituent according to claim 1 with which melting temperature is characterized by 
)0 degrees C or less and devitrification temperature having 1 135 degrees C or less and devitrification temperature 
/er than working temperature. 

aim 3] It displays by weight % and is the following presentation. Si02: 52.5-54.5aluminum203: 1 1.0-15ZrO2: 2.5- 
B-203- 0-2U2O: 0-0.5Na2O: 4-7K20: 4-10MgO: more than 0-6CaO:4-7SrO:0-4BaO:4-9TiO2:0-lZnO:0- 
33+Sb2O3:0-lSiO2+aluminum2O3+ZrO2:70.5Li2 0+Na2 0+K20:9-15 MgO+CaO+SrO+BaO:12-19 and The 
it-resisting-glass constituent according to claim 1 or 2 characterized by for the average expansion coefficient of 50- 
) degrees C being 80 - 90x1 0-7/degree C, and the transition point being 660 degrees C or more, 
aim 4] The heat-resisting-glass constituent according to claim 1 to 3 characterized by making specific gravity or less 

d 2.75. 

aim 5] The plasma display panel which has the substrate which consists of a heat-resisting-glass constituent 
wording to claim 1 to 4. 

anslation done.] 
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TAILED DESCRIPTION 



bailed Description of the Invention] 

eld of the Invention] This invention relates to the glass constituent suitably used as glass substrates, such as displays, 
:h as a liquid crystal display panel, an electroluminescence display panel, a plasma display panel (it is called 
lowing PDP), a field emission display panel, and a fluorescent indicator tube, especially a substrate for PDP about 
heat-resistant glass constituent which has the transition point higher than an expansion coefficient comparable as the 
ss of a soda lime silica presentation used as a windowpane for construction, and the transition point which the glass 



»02] 

ascription of the Prior Art] As for the presentation of the glass substrate used for a display, various constituents are 
icated according to the format of a display. PDP attracts attention by the large area as a display for wall tapestry Hi- 
>ion TV of a direct viewing type, and, as for the glass substrate for PDP, the glass plate of the soda lime silica 
mentation for general construction has been used conventionally. At the production process of PDP, hot heat 
atment of the range of 500-600 degrees C is made at the process which performs baking of the electrode to a glass 
>strate top, formation of a dielectric, formation of a septum, formation of a fluorescent substance, etc. 
)03] In case the heat shrink of the glass substrate generated in these heat treatment processes sets the pattern of a 
play at degree process, it causes a location gap at the time of making the glass substrate on a side front, and the glass 
>strate on a background rival. For this reason, in order to manufacture large-sized or high definition PDP, it is 
luired to manage the value of the rate of a heat shrink of a glass substrate and its dispersion. Since an insulating paste, 
ealing frit, etc. are used for the further above-mentioned heat treatment, it is required that these and coefficient of 
•rmal expansion should match a glass substrate, for this reason, the average coefficient of thermal expansion of 50- 
0 degrees C of a glass substrate ~ about 75-95x1 0-7/degree C - 80 - 90xl0-7/degree C is required preferably. In 
ler to make small contraction of the dimension of the glass by heat treatment, it is necessary to use the high glass of 

: transition point. ... 
)04] Although the alkali-free-glass substrate used for a liquid crystal display has the high transition point, since the 
aansion coefficient is small, it does not fit the application of PDP. Although the glass of the above-mentioned soda 
le silica presentation used conventionally is manufactured on the other hand with the float glass process (how to slush 
•.solution glass on tin bath and fabricate it to tabular) which can manufacture the glass plate of a large area cheaply in 
ge quantities and the value of an expansion coefficient fills the demand for PDP, the transition point is about 550 
erees C, and if 500-600-degree C heat treatment is performed, a big heat shrink will be produced, and it cannot be 
d to large-sized or high definition PDP that it is not necessarily suitable. It is because heat deformation cannot take 
ice easily that a glass transition point is higher than the heat treatment temperature at the time of PDP manufacture 50 

grees C or more. . . 

)05] In order to solve the above-mentioned trouble, the glass constituent with which the expansion coefficient was 
ie transition point ] suitable for the application of PDP above 660 degrees C is indicated by JP,9-255355,A, JP,9- 
5356,A,JP,9-301732,A,andJP,9-301733,A. 

)06] Since [ with little Si02 ] the glass currently indicated by JP,9-255355,A and JP,9-255356,A has many alkaline 
rth oxides, devitrification temperature is quite higher than working temperature, shaping by the float glass process is 
Ticult for it, and since specific gravity is over 3.0, it is not practical as a substrate for PDP. Moreover, the glass of the 
lication to JP,9-301 732,A or JP,9-301 733,A has light specific gravity, and although devitrification temperature is 
ver than the transition point, since melting temperature is near and working temperature is 1200 degrees C or more, it 
difficult [ it ] for 1700 degrees C at a float glass process melting and to fabricate. 
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)blem(s) to be Solved- by-theJnv ention] This. invention makes.it aJechmcaLproblem to pta 

ch has thelhermai resistance which was obHinTdln^fdeTtololvTthT^trouble whTcbm^ab-ove-mentioned^glass" 
stituent has, was suitable for melting by the float glass process, and shaping, and was especially suitable for PDP, 
an expansion coefficient. 
08] 

»ans for Solving the Problem] Claim 1 is displayed by weight % and is the following presentation. Si02: 50- 
?aluminum203: 10.5-18ZrO2: 1-6B-203: 0-3L12O: 0-lNa2O: 0-10K2O: 0-15MgO: more than 0-8CaO:4-8SrO:0- 
iO:3-12TiO2:0-3ZnO:0-2SO3+Sb2O3:0-lSiO2+aluminum2O3+ZrO2:70.1Li2 0+NaaO+K20:6-19 
O+CaO+SrO+BaO:10-19 -- and It is the heat-resisting-glass constituent whose transition point the average 
•ansion coefficient of 50-350 degrees C is 75 - 95x1 0-7/degree C, and is 650 degrees C or more. 
09] Claim 2 is characterized by the melting temperature of glass having [ 1600 degrees C or less and devitnfi cation 
iperature ] 1 1 35 degrees C or less and devitrification temperature lower than working temperature in claim 1 . 
10] Claim 3 is displayed by weight % in claims 1 or 2, and is the following presentation. Si02: 52.5- 
5aluminum203- 1 1.0-15ZrO2: 2.5-5.5B-203: 0-2Li2O: 0-0.5Na2O: 4-7K20: 4-10MgO: more than 0-6CaO:4- 
O:0-4BaO:4-9TiO2:0-lZnO:0-lSO3+Sb2O3:0-lSiO2+aluminum2O3+ZrO2:70.5Li2 0+Na2 0+K20:9-15 
;0+CaO+SrO+BaO:12-19 - and It is characterized by for the average expansion coefficient of 50-350 degrees C 
ng 80 - 90x1 0-7/degree C, and the transition point being 660 degrees C or more. 
11] Claim 4 is characterized by making specific gravity or less into 2.75 in either of claims 1-3. 

12] 

nbodiment of the Invention] The reason for presentation limitation in this invention is as follows. 
)2: Si02 is the network former of glass. At less than 50 % of the weight, the transition point of glass becomes low. 
the other hand, at 55 % of the weight or more, dissolution nature worsens and shaping with a float glass process 
»mes difficult.'Therefore, 50 - 54.9 % of the weight and further 52.5 - 54.5% of the weight of the range is used 

a3] 3 aluminum203:aluminum 203 is a component effective in getting the transition point of glass. At less than 10.5 
5f the weight, the transition point of glass falls, and if 1 8 % of the weight is exceeded on the other hand, 
nitrification will become easy to take place. Therefore, 10.5-18 % of the weight and further 1 1 - 15% of the weight 
he range is used suitably. 

•14] Zr02: Zr02 is a component effective in getting the transition point of glass like aluminum 203. Moreover, there 
in operation which suppresses generating of devitrification compared with aluminum 203. At less than 1 % of the 
ight, the effectiveness of the improvement in the transition point of glass is not seen, but if 6 % of the weight is 
needed on the other hand, it remains as a non-dissolved component in melting glass. Therefore, 1 - 6 % of the weight 

I further 2.5 - 5.5% of the weight of the range is used suitably. 

H 5] Improvement in weatherability is aimed at by making the content of 

)2+aluminum203+Zr02:Si02+aluminum203+Zr02 into 70.1 % of the weight or more. It is desirable to consider as 
5 more % of the weight or more. 

)16] B-203: Although B-2 03 is not an indispensable component, it is effective on a dissolution disposition, 
wever, if 5 % of the weight is exceeded, coefficient of thermal expansion will become small. Therefore, further 0 - 2 
of the weight is used suitably zero to 5% of the weight. 

)17] Although Li2 0:Li20 is not an indispensable component, it is effective on a dissolution disposition. However, if 
'o of the weight is exceeded, the transition point of glass will fall too much. Moreover, devitrification becomes easy to 
;e place by the interaction with aluminum 203. Therefore, 0 - 1 % of the weight and further 0 - 0.5% of the weight of 

: range is used suitably. . , . • • t 

)18] Although Na2 0:Na20 is not an indispensable component, it is effective also in making an expansion coefficient 
o be not only effective on a dissolution disposition, but increase. Furthermore, the volume resistivity of glass is raised 
the interaction with K20. Moreover, unlike Li20, it is [ devitrification ] lifting-easy with an interaction with 
iminum 203, and does not carry out. However, if 10 % of the weight is exceeded, the transition point will fall too 
ich Therefore, 0 - 10 % of the weight and further 4 - 7% of the weight of the range is used suitably. 
)19] Although K2 0:K20 is not an indispensable component like Na20, it is effective also in making an expansion 
efficient it to be not only effective on a dissolution disposition, but increase. Furthermore, the volume resistivity of 
Iss is raised by the interaction with Na20. Moreover, unlike Li20, it is [ devitrification ] lifting-easy with an 
eraction with aluminum 203, and does not carry out. However, if 15 % of the weight is exceeded, the transition point 

II fall too much. Therefore, 0 - 15 % of the weight and further 4 - 10% of the weight of the range is used suitably. 
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)20] Li2 0+Na2 0+K2 0:Li2 0+Na2 0+K20 is related to especially the total quantity making an expansion 

sfficient increase with regards to dissolution nature. At less than 6 % of the weight, an expansion coefficient becomes^ 

i^tbtdliuahtity-]-sm 

seeded, the transition point will fall or devitrification will become easy to take place. Therefore, 6 - 19 % of the 
dght and further 9 - 15% of the weight of the range is used suitably. 

)21] Although MgO:MgO is not an indispensable component, it is effective in it being not only effective on a 
solution disposition, but getting the transition point. However, if 8 % of the weight is exceeded, devitrification will 
:ome easy to take place. Therefore, 0 - 8 % of the weight and further 0 - 6% of the weight of the range is used 
tably. 

)22] CaO:CaO is effective in it being not only effective on a dissolution disposition like MgO, but getting the 
nsition point. Less than 4 % of the weight is not enough as the effectiveness. On the other hand, if 8 % of the weight 
exceeded, devitrification will become easy to take place. Therefore, 4-8 % of the weight and further 4 - 7% of the 
dght of the range is used suitably. 

)23] Although SrO:SrO is not an indispensable component, it is effective in it being not only effective on a 
solution disposition, but getting the transition point. However, specific gravity becomes large while devitrification 
11 become easy to take place, if 4 % of the weight is exceeded. Therefore, 0 - 4% of the weight of the range is used 
tably. 

)24] BaO:BaO is effective on a dissolution disposition. However, less than 3 % of the weight is not enough as the 
ectiveness. On the other hand, specific gravity will become large if 12 % of the weight is exceeded. Therefore, 0-12 
of the weight and further 4 - 9% of the weight of the range is used suitably. 

)25] MgO+CaO+SrO+BaO:MgO+CaO+SrO+BaO is related the dissolution disposition top of glass. At less than 10 
of the weight, desired dissolution nature is not obtained with the total quantity. On the other hand, it will become easy 
devitrify if 19 % of the weight is exceeded. Therefore, 10 - 19 % of the weight and further 12 - 19% of the weight of 
: range is used suitably. 

)26] Ti02: Although Ti02 is not an indispensable component, effectiveness is in the improvement in chemical 
rability. Since glass will color if 3 % of the weight is exceeded, it is not desirable. Therefore, 0 - 3 % of the weight 
i further 0 - 1% of the weight of the range is used suitably. 

)27] Although ZnO:ZnO is not an indispensable component, it is effective on a dissolution disposition. However, if 2 
of the weight is exceeded, volatilization will shorten the life of a glass melting furnace greatly. Therefore, 0 - 2 % of 
: weight and further 0 - 1% of the weight of the range is used suitably. 

)28] Although S03+Sb203:S03+Sb 203 is not an indispensable component, it is used as a clarifier. As the amount 
jd, 1 or less % of the weight is desirable. 

)29] In this invention, in order to adjust the permeability of glass and to raise the display contrast of PDP, oxides, 
:h as V, Cr, Mn, Fe, Co, nickel, Cu, Mo, Ru, and Ce, may be added as a coloring component. 

)30] In order to make it match with expansion coefficients, such as a sealing frit used when manufacturing PDP, it is 
[uired for the average expansion coefficient of 50-350 degrees C to be 75 - 95xl0-7/degree C. The range of further 80 
0x1 0-7/degree C is desirable. Moreover, in order to press down the heat shrink in heat treatment in the production 
>cess of PDP below to tolerance, 650 degrees C or more are required for the transition point, and its 660 degrees C or 
>re are desirable. 

)31] Next, an example and the example of a comparison explain this invention. 

w materials for glass were prepared so that it might become the target system of Table 1 about an example glass 
mponent. At this time, Glauber's salt was used as a clarifier. The prepared batch was thrown into the crucible, and at 
00 degrees C, it fused for 4 hours, and it is being begun to carry out back wash and cooled. Thus, the melting 
nperature (temperature with a viscosity of 102P) of the obtained glass sample, working temperature (temperature with 
'iscosity of 104P), devitrification temperature, an expansion coefficient, and the transition point were measured. 
)32] It was made for measurement of melting temperature and working temperature to be the following. Glass was 
t into the 70 cc platinum crucible, and it fused at 1 600 degrees C, and considered as the measurement sample. This 
nple was set in the sample reduction type elevated-temperature viscosity measuring device, the platinum ball was 
ng in the melting glass of a sample, when reducing a sample the whole container, the viscous drag concerning a 
itinum ball was measured as a load, and it asked for the viscosity in each temperature. The relation between 
nperature and viscosity was measured in the 900-1600-degree C temperature requirement. 
)33] It was made for measurement of devitrification temperature to be the following. 25g of glass grains which 
>und glass and stopped on the 1 000-micrometer sieve through the 2830-micrometer sieve is measured, the boat made 
»m platinum with width of face of 12mm, a die length [ of 200mm ], and a depth of 9mm is covered with the above- 
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ntioned glass grain, and it holds for 2 hours in the furnace by which a temperature setup was carried out so that it 

^ht have a suitable ^temperature ; gradient^for the : die-length direction of a boat. After carrying out natural radiationnal 

fling of the platin^^ 

tinum boat was observed, and it considered as devitrification temperature with the maximum temperature which 
nitrification has generated. 

i34] It was made for measurement of an expansion coefficient to be the following. The rod of the shape of a cylinder 
h a diameter [ of 5mm ] and a height of 15mm was produced, from 25 degrees C to the yield point of glass, 
iperature and the relation of the elongation of glass were measured and the expansion coefficient between 50 degrees 
ind 350 degrees C was measured. 

>35] It was made for measurement of the transition point to be the following. The tangent was drawn before and 
lind the folding point of the beginning of the expansion curve at the time of expansion coefficient measurement, and 
iperature equivalent to the intersection of two tangents was made into the transition point. 

>36] The measurement result of each property was shown in Table 1 . As shown in Table 1, the melting temperature of 
;h glass constituent of an example 1 - an example 6 is less than 1600 degrees C, and the relation between working 
iperature (Tw) and devitrification temperature (Tl) is Tw-Tl>=15 degree C. Moreover, the transition point of glass 
s 660 degrees C or more, and the average expansion coefficient of 50-350 degrees C was 80 - 90xl0-7/degree C. 
at is, these glass presentations had good matching with expansion coefficients, such as a sealing frit used at the time 
manufacture of PDP, and it became clear that it was suitable as a glass substrate of displays, such as PDP. 
•37] In addition, the cable address of Table 1 and 2 is as follows. 

W.F(network former) =Si02+aluminum203+Zr02R2 0=Li2 0+Na2 0+K20R f O=MgO+CaCH- SrO+BaO [0038] 
ible 1] 

—===================== item An example 1 2 3 4 5 6 Melting 

iperature (degree C) 1587 1562 1562 1583 1592 1564 working temperature (degree C) 1156 1147 1163 1164 The 
50 1164 transition point (degree C) 671 669 683 687 669685 devitrification temperature (degree C) 1112 1110 1113 
15 1 102 1 121 expansion coefficients (xlO-7/degree C) 86.4 88.3 85.982.6 88.084.6 specific-gravity (g/mm3) 

12.74 2.72 2.74 2.71 2.73 Si02 53.5 53.0 54.0 53.0 54.0 54.0aluminum 2O314.0 13.0 

0 13.0 12.0 13.0ZrO2 3.0 5.0 5.0 5.0 5.0 4.0B-2sO3 0.0 0.0 0.1 0.0 0.0 0.0Li2O 0.1 0.0 0.0 0.0 0.0 0.0Na2O 5.4 6.0 
5.0 4.5 5.0K2O 5.0 5.5 5.5 6.0 7.5 5.0MgO 3.52.5 4.02.0 5.0 4.4CaO 4.04.0 4.46.0 4.0 4.5SrO(s) 3.5 4.0 3.5 3.51.0 
BaO 8.07.0 5.0 6.4 7.0 6.0TiO2 0.00.0 0.00.1 O.OO.OZnO 0.0 0.0 0.0 0.0 0.00.1N.W.F 70.5 71.0 72.0 71.0 71.0 
0R2O 10.5 11.5 11.0 11.0 12.0 10.0 R'O 19.0 17.5 16.9 17.9 17.0 
9====================-=== [0039] 

ible 2] 

:======================== item Example 1 of a comparison Example 2 of a comparison Example 3 of a 

nparison The example 4 of a comparison Melting temperature (degree C) 1222 1256 1690 

>3 working temperature (degree C) 924 951 1220 The 1203 transition points (degree C) 666 670 675 660 
nitrification temperature (degree C) 1321 1265 1 197 1 188 expansion coefficients (xlO-7/degree C) 82.0 87.0 87.0 
0 specific gravity (g/mm3) 3.05 3.42 2.422.50 Si02 43.0 37.062.8 63.4aluminum 2O39.0 

0 16.57.9ZrO(s)2 0.00.0 0.00.0 B-2 03 0.0 0.0 0.0 0.0Li2O 0.0 0.0 0.0 0.0Na2O 1.0 1.0 6.7 1.9K20 0.0 0.0 10.2 
2MgO(s) 7.5 5.0 3.4 3.8CaO(s) 7.5 5.0 0.3 7.8SrO(s) 16.0 20.0 0.0 0.8BaO(s) 16.0 20.00.0 1.2Ti02 0.0 0.0 0.0 
ZnOO.O 0.0 0.0 0.0N.W.F 52.0 49.0 79.3 71.3R20 1.0 1.016.9 15.1 R'O 47.0 50.0 3.7 

6===================== [0040] The glass constituent of the example 1 of a comparison shown in 

example table 2 of a comparison - the example 4 of a comparison was produced by the same approach as an 

imple, and the melting temperature of the obtained glass sample, working temperature, devitrification temperature, 
transition point, and coefficient of thermal expansion were measured. Each property was measured by the same 

>roach as an example. It is glass which the glass of the example 1 of a comparison and the example 2 of a comparison 

1 presentation currently indicated by JP,9-255355,A and JP,9-255356,A, respectively, and devitrification temperature 
tigh 200 degrees C or more to working temperature, and is easy to devitrify, and it turned out with the float glass 
cess that melting and fabricating are difficult glass. Moreover, specific gravity is over 3.0 and it turned out that it is 
desirable as glass for PDP with which lightweight-ization is demanded. 

41] On the other hand, although devitrification temperature of specific gravity is low small to working temperature at 
presentation currently indicated by JP,9-301732,A and JP,9-301733,A, respectively, since melting temperature is 
orking temperature ] 1200 degrees C or more at about 1700 degrees C, the glass of the example 3 of a comparison 
1 the example 4 of a comparison is difficult melting by the dissolution furnace of a float glass process. 
42] 
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ffect of the Invention] Since the transition point is high, the glass constituent of this invention can control small the 
ipunt of heat shrinks of the glass produced by heat treatment rec eived by the PDP , production L process, when it uses as 
ilass sufrstrate fo^^ 

finition manufacture of PDP is securable. Moreover, the glass substrate which consists of a glass constituent of this 
'ention has good thermal matching with members, such as a glass frit already used for manufacture of PDP since the 
ue of an expansion coefficient is predetermined within the limits, and PDP which is reliable by an airtight etc. can be 
mufactured. 

)43] Furthermore, since melting temperature, devitrification temperature, and working temperature are chosen as the 
^determined range, the glass constituent of this invention can be fused without producing melting faults, such as 
nitrification object generation, with a float glass process, and can fabricate it to tabular. 



-anslation done.] 
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